Albanito et al. recently reported that the herbicide atrazine was able to exert an estrogen-like proliferative activity in various cell models, including ovarian and breast cancer cells and cancer-associated fibroblasts, by inducing the expression of several estrogen target genes without binding to or activating the classical estrogen receptor (ER) α. They also showed that G protein-coupled receptor 30 (GPR30) elicited phosphorylation of extracellular-signal-regulated kinase (ERK) 1/2 and contributed to the proliferative effects of atrazine. We suggest that endocrine disruptors should be carefully examined in different cell models in order to determine the complex mechanistic and functional outcomes that result from the interaction between several receptors and their associated signaling pathways.
Using the JKT-1 cell line derived from a human testicular seminoma (Bouskine et al. 2010 ) and seminoma tumors, the most frequent testicular germ cell tumors, we reported that seminoma cells expressed ERβ but not ERα (Roger et al. 2005) . At physio logical concentrations, 17β-estradiol (E 2 ) was able to suppress JKT-1 cell proliferation in vitro through ERβ (Roger et al. 2005) . However, when E 2 was conjugated to bovine serum albumin, which does not cross the membrane, we observed cell proliferation dependent on ERK1/2 phosphorylation and a nongenomic pathway involving a membrane G protein-coupled estrogen receptor (Bouskine et al. 2008 ) that we later identified as GPR30 (Chevalier et al. 2012a; Chevalier et al. 2012b) .
Similar results were obtained with bisphenol A (BPA) at nanomolar concentrations (Bouskine et al. 2009 ). In our model, activation of protein kinase A (PKA) was essential for BPA to promote JKT-1 cell proliferation and lead to phosphorylation of cAMP response-element-binding protein (Bouskine et al. 2009 ). The proliferative effects of BPA on JKT-1 cells did not involve ERK1/2 activation, but rather activation of the protein kinase G (PKG) pathway, which is known to be Gα i / Gα q -dependent and is involved in BPA activation of calcium influx in pancreatic islet α cells (Alonso-Magdalena et al. 2005) . We assumed that these opposite effects of E 2 and BPA on JKT-1 cell proliferation were linked to the different affinities of BPA for classical and nonclassical estrogen receptors; that is, E 2 , which has a low affinity for GPR30 and a high affinity for ERβ, induced a suppressive effect, whereas BPA, with a low affinity for ERβ and a high affinity for GPR30, induced a promoting effect.
However, in Fénichel et al. (2013) we also showed in these seminoma cells that atrazine was able to suppress JKT-1 cell proliferation following a linear doseresponse curve (Figure 1) , contrary to what Albanito et al. reported in other cancer cell lines. This suppressive effect involved the same receptor, as G15 (a selective antagonist of GPR30) was able to reverse the inhibitory effect of atrazine on JKT-1 cell proliferation.
Our results showed that 1) two chemical compounds (BPA and atrazine) can exert opposite estrogenic effects in the same cancer cell (seminoma) through the same receptor (GPR30), and 2) the same chemical compound (atrazine) can exert opposite effects in different cancer cells (seminoma, ovarian, or breast) through the same GPR30 receptor. This highlights the role of associated GPR30-induced signaling pathways (ERK1/2, PKA, or PKG) and possible cross-talk between GPR30 and the classical estrogen receptors ERα or ERβ, as suggested by Albanito et al. 
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Correspondence Fénichel P, Chevalier N, Brucker-Davis F. 2013 In their letter to the editor, Chevalier et al. wrote that a single chemical can elicit both agonist and antagonist activity through a specific receptor in different types of cancer cells, while two different chemicals can elicit opposite biological effects through the same receptor in the same cancer cell type, with the disparity lying in the receptor's activation and in whether the action is primarily genomic versus nongenomic. Chevalier et al. also raised interesting issues regarding the level of exposure to chemicals and the cell context-dependent involvement of different transduction pathways by one chemical through the same receptor. These issues are complicated by the fact that the cumulative and final action may be triggered by a mixture of pollutants, in which the signal(s) that is/are activated by one or more compounds depend on the nature of the stimulus, its length, and the cell-related gene profile that characterizes a distinct cell context (Diamanti-Kandarakis et al. 2009 ). For instance, as Chevalier et al. mention, 17β-estradiol (E 2 ) inhibited cell proliferation through estrogen receptor (ER) β in human testicular seminoma-derived JKT-1 cells and seminoma tumors, whereas bisphenol A (BPA) promoted growth responses through G protein-coupled estrogen receptor (GPER) and the activation of protein kinase A and protein kinase G transduction pathways, but not through extracellular-signal-regulated kinase (ERK) signaling (Bouskine et al. 2009 ). Nevertheless, the epidermal growth factor receptor/ERK transduction pathway mediated the proliferation of spermatogonial GC-1 cells induced by BPA (Sheng and Zhu 2011) in accordance with our results obtained in breast cancer cells and cancer-associated fibroblasts (Pupo et al. 2012) . Chevalier et al. also cited findings on atrazine action through GPER toward the suppression of JKT-1 cell proliferation (Fénichel et al. 2013) . However, as we demonstrated in our study, GPER was able, on its own, to trigger the stimulatory effects induced by atrazine in ERα-negative breast cancer cells and cancer-associated fibroblasts, whereas atrazine stimulation involved a functional cooperation between ERα and GPER in ovarian cancer cells.
Although these data may appear contradictory, it is not surprising that the intricate network of ligand-activated cell responses could lead to divergent biological outcomes, as discussed above. In this regard, welldesigned assays have recently shown how the differential engagement of feedback and feedforward regulation by different ligands leads to different dynamics of pathway activity, which in turn alters cell fate (Ryu et al. 2015) . One plausible network motif that drives these responses at least in part may be a transient, pulsing, or prolonged activation of certain transduction pathway(s) beyond a threshold level. Hence, different signaling frequencies and amplitudes could uncover the timescales of major network components determining ultimate cell choices (Purvis and Lahav 2013 
